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Fruit and vegetable intake and body mass index in a large sample of middle-aged
Australian men and women
Abstract
Dietary guidelines around the world recommend increased intakes of fruits and non-starchy vegetables
for the prevention of chronic diseases and possibly obesity. This study aimed to describe the association
between body mass index (BMI) and habitual fruit and vegetable consumption in a large sample of
246,995 Australian adults aged 45 + year who had been recruited for the "45 and Up" cohort study. Fruit
and vegetable intake was assessed using validated short questions, while weight and height were selfreported. Multinomial logistic regression was used, by sex, to assess the association between fruit and
vegetable intake and BMI. Compared to the referent normal weight category (BMI 18.5 to 24.9), the odds
ratio (OR) of being in the highest vegetable intake quartile was 1.09 (95% confidence interval (CI)
1.04-1.14) for overweight women (BMI 25.0-29.9) and 1.18 (95% CI 1.12-1.24) for obese women. The
association was in the opposite direction for fruit for overweight (OR 0.85; 95% CI 0.80-0.90) and obese
women (OR 0.75; 95% CI 0.69-0.80). Obese and overweight women had higher odds of being in the
highest intake quartile for combined fruit and vegetable intake, and were more likely to meet the "2 and 5"
target or to have five or more serves of fruit and vegetables per day. In contrast, overweight men were less
likely to be in high intake quartiles and less likely to meet recommended target of 5 per day, but there was
no consistent relationship between obesity and fruit and vegetable intake. Underweight women and
underweight men were less likely to be in the highest intake quartiles or to meet the recommended
targets. These data suggest that improving adherence to dietary targets for fruit and vegetables may be a
dietary strategy to overcome overweight among men, but that overweight and obese women are already
adhering to these targets. The association between fruit and vegetable intake and underweight in adults
suggests that improving fruit and vegetables intakes are important for the overall dietary patterns of
people in this group.
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Abstract: Dietary guidelines around the world recommend increased intakes of fruits and
non-starchy vegetables for the prevention of chronic diseases and possibly obesity.
This study aimed to describe the association between body mass index (BMI) and habitual
fruit and vegetable consumption in a large sample of 246,995 Australian adults aged
45 + year who had been recruited for the “45 and Up” cohort study. Fruit and vegetable
intake was assessed using validated short questions, while weight and height were
self-reported. Multinomial logistic regression was used, by sex, to assess the association
between fruit and vegetable intake and BMI. Compared to the referent normal weight
category (BMI 18.5 to 24.9), the odds ratio (OR) of being in the highest vegetable intake
quartile was 1.09 (95% confidence interval (CI) 1.04–1.14) for overweight women (BMI
25.0–29.9) and 1.18 (95% CI 1.12–1.24) for obese women. The association was in the

Nutrients 2014, 6

2306

opposite direction for fruit for overweight (OR 0.85; 95% CI 0.80–0.90) and obese women
(OR 0.75; 95% CI 0.69–0.80). Obese and overweight women had higher odds of being in
the highest intake quartile for combined fruit and vegetable intake, and were more likely to
meet the “2 and 5” target or to have five or more serves of fruit and vegetables per day. In
contrast, overweight men were less likely to be in high intake quartiles and less likely to
meet recommended target of 5 per day, but there was no consistent relationship between
obesity and fruit and vegetable intake. Underweight women and underweight men were
less likely to be in the highest intake quartiles or to meet the recommended targets. These
data suggest that improving adherence to dietary targets for fruit and vegetables may be a
dietary strategy to overcome overweight among men, but that overweight and obese
women are already adhering to these targets. The association between fruit and vegetable
intake and underweight in adults suggests that improving fruit and vegetables intakes are
important for the overall dietary patterns of people in this group.
Keywords: fruit; vegetables; BMI; dietary guidelines; obesity

1. Introduction
In 2005, the World Health Organization estimated 1.6 billion adults were overweight and 400 million
obese [1]. Worldwide, obesity estimates are projected to increase to 2.3 billion adults being overweight
and 700 million obese by 2015, further supporting the need to identify public health strategies for
sustainable weight management.
International agencies have identified the level of evidence to be convincing for a reduced risk
between fruit and non-starchy vegetable intake and cardiovascular disease [2] and probable for a reduced
risk for some cancers, diabetes and obesity, as well as for the prevention of several micronutrient
deficiencies [2,3]. However, the contribution of inadequate fruit and vegetable intake to development of
overweight and obesity is difficult to quantify since reliable dietary patterns are not readily available [4].
In 2011, the Australian population ranked fifth highest in the prevalence of obesity among OECD
countries, which will translate into substantially higher health and non-health care costs attributed to
obesity than previously estimated [5–7]. Unlike in some countries such as Canada, England, Italy,
Korea, Spain and the United States where obesity and overweight have been virtually stable, or have
grown modestly, over the past five years, rates have increased by a further 2%–3% in Australia.
A global shift to more energy-dense foods and physical inactivity is linked to an increase in the
prevalence of obesity [8]. The 2010 Global Burden of Disease Study estimates 16,140 deaths per year
attributed to low fruit and vegetable intakes in Australia and considerable morbidity attributable to low
fruit and low vegetable intakes [9]. Australia’s government funded Go For 2 & 5® fruit and vegetable
social marketing campaign (“Go for 2 & 5”) [10,11] has been demonstrated to be successful in
increasing population awareness of this recommended number of servings of fruit and vegetables and
resulted in a significant increase in vegetable (but not fruit) consumption over a three year period [12].
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Women generally consume more fruit and vegetables than men across many countries and cultures,
yet almost universally have higher levels of morbidity at the population level but have lower
cardiovascular risk and premature mortality [13–16]. Gender may also potentially moderate the
relationship between fruit and vegetable consumption and body weight [17]. The relationship between
fruit and vegetable intake and various health outcomes should therefore be assessed for men and
women separately. Additionally, much of the existing literature investigating the relationship between
fruit and vegetable consumption and body weight have analyzed both as a combined variable
(i.e., meeting at least 5 servings of fruit and vegetables), rather than examining the effect of each
separately [17].
The objective of this study was to investigate the association between fruit and vegetable intake and
body weight in a large sample of Australian men and women aged 45 years and over in New South
Wales, Australia. A secondary objective was to estimate the proportion of Australians meeting the
recommended daily intakes of fruit and vegetables [4].
2. Experimental Section
2.1. Study Population
The Sax Institute’s 45 and Up Study is a population based cohort study in the state of New South
Wales (NSW), Australia. Prospective participants were randomly sampled from the enrolment database
of Medicare Australia, a universal health insurance scheme which provides near complete coverage of
the population. Permanent residents of Australia, except Norfolk Island residents, are eligible for a
Medicare card that entitles them to free in-hospital treatment (public hospitals), subsidized treatment
for services out-of-hospital, as well as access to a subsidized Pharmaceutical Benefits Scheme for
medicines. People 80+ years of age and residents of rural and remote areas were oversampled. A total
of 267,153 participants joined the study by completing a baseline questionnaire (between January 2006
and December 2009) and provided signed consent for follow-up and linkage of their information to
routine health databases. About 18% of those invited participated and participants included about 10%
of the NSW population aged 45 years and over. The study, as described in detail elsewhere, provides
information regarding exposures and outcomes that influence public health interventions in an ageing
population [18]. The present analysis included data from the full baseline sample. The conduct of the
45 and Up Study was approved by the University of New South Wales Human Research Ethics
Committee (HREC). Use of the data for the present analysis was approved by The Sax Institute (Project
number 09023, approved 21 December 2009).
2.2. Materials
Variables for the study were obtained from the self-reported baseline questionnaire. Vegetable
consumption patterns were obtained from the question, “About how many serves of vegetables do you
usually eat each day?” For reference, a “serve” as written within the survey instruments is equivalent
to a traditional “serving”. Vegetable intake was reported as the number of servings of cooked and raw
vegetables consumed each day, or else coded as “I don’t eat vegetables”. A serving of vegetables was
defined as half a cup of cooked vegetables, including potatoes, or one cup of salad. Habitual fruit
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intake was assessed from the question, “About how many serves of fruit or glasses of fruit juice do you
usually have each day?” Fruit intake was reported as the number of servings of fruit each day, or coded
as “I don’t eat fruit.” A serving of fruit was defined as one medium piece or two small pieces of fresh
fruit, or one cup of diced fruit. Fruit juices were not considered to be fruit for the purpose of this
analysis. Fruit intakes greater than four servings per day and vegetable intakes larger than seven
servings per day were set to missing as this was considered to be excessive with a high potential for
misreporting (including 1.1% missing either). Fruit intake of less than two servings daily or vegetable
intake of less than five servings daily were classified as “low” or insufficient, according to the
recommendations of the Australian Department of Health and Ageing [10]. Intake quartiles were
generated based on total counts for men and women separately, with respect to daily fruit and
vegetable servings. A binary indicator designated participants who satisfied the overall
recommendation of two or more servings of fruit and five or more servings of vegetables per day.
A binary indicator specified participants who satisfied the WHO recommended intake of “5 serves
per day” of combined fruit and vegetables [2,11]. Body mass index (BMI) was calculated as weight in
kilograms divided by the square of the height in meters, with both variables being self-reported in the
questionnaire. The underweight category was defined as BMI < 18.5, normal weight as BMI 18.5
to 24.9, overweight as BMI 25.0 to 29.9 and obese as BMI ≥ 30 [8]. Sociodemographic variables, such
as age, sex, income level, highest education level, marital status, work hours per week, location of
residence, country of birth were included as independent variables, along with confounders such as
physical activity levels, alcohol consumption and smoking.
2.3. Statistical Analysis
Logistic regression was used to assess the relationship between fruit and vegetable intake and BMI
for men and women separately, with a multinomial logistic approach used for the quartile outcomes.
Analyses were adjusted for the sociodemographic variables and confounders listed above and results
were reported as adjusted odds ratios (ORs) with 95% confidence intervals (CIs). Analyses were
conducted using STATA 11.0 (Statacorp LP, College Station, TX, USA), and SAS V9.2 (SAS Institute
Inc., Cary, NC, USA).
3. Results
Sociodemographic characteristics of the 246,995 participants with complete data for BMI are
presented in Table 1. The mean age (and standard deviation) was 63.8 years (11.1) for men and
61.8 years (11.1) for women. Men were more likely to have achieved a post-school qualification
(63.8% versus 48.9% respectively) and were more likely to be partnered (80.1% versus 70.1%).
Table 2 presents the fruit and vegetable intake descriptors and BMI categories. Over half of study
participants reported eating two or more servings of fruit per day and nearly one quarter reported eating
five or more servings of vegetables daily, with 15.1% of participants satisfying the “Go for 2 & 5”
guideline (Table 2). Sex differences exist in fruit consumption, vegetable consumption, the combination
of fruit and vegetable consumption, and body mass index (Table 2). On average, men ate less fruit
(mean 1.6 servings/day) and less vegetables (mean 2.9 servings/day) than women (mean 1.9 servings
of fruit and 3.7 servings of vegetables per day) (p < 0.0001 for both comparisons). Women were nearly
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twice as likely to satisfy or exceed the “2 fruit and 5 vegetable” recommendation (19.9% of women
versus 9.7% of men). Men were more likely to be overweight or obese compared to women (69.0%
versus 57.1% respectively).
Table 1. Socio-demographic characteristics of participants, by sex.
Men
(n = 116,029)
(%)
Age (year)
45–49
(9.8)
50–59
(30.7)
60–69
(29.3)
70–79
(18.5)
80–89
(10.9)
90+
(0.7)
Place of Residence
Major city
(46.3)
Inner regional
(34.4)
Outer regional
(17.4)
Remote
(1.9)
Highest Educational Qualification
No qualification
(10.5)
School leaving certificate
(24.8)
Trade/certificate
(37.8)
University
(25.3)
Missing
(1.5)
Marital Status
Single
(5.9)
Married
(74.7)
Partner
(5.5)
Widowed
(4.8)
Divorced
(5.5)
Separated
(2.7)
Missing
(1.0)

Women
(n = 130,966)
(%)

Total
(n = 246,995)
(%)

(13.1)
(35.9)
(27.5)
(14.2)
(8.5)
(0.8)

(11.6)
(33.5)
(28.4)
(16.2)
(9.6)
(0.8)

(44.2)
(35.9)
(17.9)
(2.0)

(45.2)
(35.2)
(17.7)
(2.0)

(12.0)
(37.8)
(26.8)
(22.1)
(1.4)

(11.3)
(31.7)
(32.0)
(23.6)
(1.4)

(5.4)
(64.7)
(5.4)
(11.8)
(9.5)
(2.9)
(0.4)

(5.7)
(69.4)
(5.4)
(8.5)
(7.6)
(2.8)
(0.6)

Table 2. Fruit and vegetable intake and Body Mass Index (BMI), by sex.

Fruit Intake
<2 servings/daily (Low)
≥2 servings/daily (Adequate)
Missing *

Men
n = 116,029
n (%)

Women
n = 130,966
n (%)

Total
n = 246,995
n (%)

54,546 (47.0)
51,452 (44.3)
10,031 (8.6)

44,397 (33.9)
77,876 (59.5)
8693 (6.6)

98,943 (40.1)
129,328 (52.4)
18,724 (7.6)

Nutrients 2014, 6

2310
Table 2. Cont.

Vegetable Intake
<5 servings/daily (Low)
≥5 servings/daily (Adequate)
Missing *
Fruit and Vegetable Intake (“2 & 5”)
Low (<2F and/or <5V)
Adequate (at least 2F and 5V)
Missing *
Body Mass Index
Underweight (BMI <18.5)
Normal weight (BMI 18.5–24.9)
Overweight (BMI 25–29.9)
Obese (BMI ≥ 30)

86,664 (74.7)
19,623 (16.9)
9742 (8.4)

77,878 (59.5)
37,442 (28.6)
15,646 (11.9)

164,542 (66.6)
57,065 (23.1)
25,388 (10.3)

88,171 (76.0)
11,308 (9.7)
16,550 (14.3)

84,331 (64.4)
26,101 (19.9)
20,534 (15.7)

172,502 (69.8)
37 409 (15.1)
37,084 (15.0)

867 (0.7)
35,118 (30.3)
54,719 (47.2)
25,325 (21.8)

2494 (1.9)
53,781 (41.1)
44,346 (33.9)
30,345 (23.2)

3361 (1.4)
88,899 (36.0)
99,065 (40.1)
55,670 (22.5)

* Includes >4 serves of fruit a day or >7 serves of vegetable a day.

Figure 1a,b present the distribution of combined fruit and vegetable intake quartiles for women and
men separately. Patterns by intake quartiles were not considerably different by BMI category for either
sex, with the exception of underweight people, who were more likely to be in the lower intake quartile.
Figure 1. (a) Distribution of fruit and vegetable intake for women determined by overall
intake quartiles, according to BMI; (b) Distribution of fruit and vegetable intake for men
determined by overall intake quartiles, according to BMI.
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Figure 2a,b graphically present the adjusted odds ratios (ORs) for fruit and vegetable consumption
outcomes with respect to BMI category, for women and men separately. The first three results relate to
the highest versus lowest quartile comparisons for vegetable intake fruit intake and combined fruit and
vegetable intakes (lowest quartile was the reference group). The last two results include the “2 Fruit & 5
Vegetable” outcome and the “5 per day” combined fruit and vegetable outcome.
Compared to the referent normal weight category (BMI 18.5 to 24.9), women who were
underweight were less likely to be in the highest vegetable consumption quartile (OR 0.84; 95% CI
0.73–0.97) while women who were overweight or obese were significantly more likely to be in the
highest vegetable consumption quartile (OR 1.09; 95% CI 1.04–1.14) and OR 1.18; 95% CI 1.12–1.24),
respectively) (Table 3). The association was in the opposite direction for fruit, with obese women
being 25% less likely to be in the highest intake quartile (OR 0.75; 95% CI 0.69–0.80), and overweight
women 15% less likely (OR 0.85; 95% CI 0.80–0.90). Obese women had higher odds of being in the
highest intake quartile for combined fruit and vegetable intake (OR 1.10; 95% CI 1.05–1.16), and were
more likely to meet either “2 & 5” (OR 1.06; 95% CI 1.02–1.11) or “5 per day” (OR 1.11; 95% CI
1.07–1.15). Underweight women were less likely than normal weight women to meet both the “2 & 5”
(OR 0.86; 95% CI 0.76–0.97) or “5 per day” targets (OR 0.78; 95% CI 0.71–0.86), and were less likely
to be in the highest quartile for vegetable intake (OR 0.84; 95% CI 0.73–0.97) or fruit and vegetable
combined intake (OR 0.79; 95% CI 0.69–0.91).
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Figure 2. (a) Women: Adjusted * Odds Ratios and 95% Confidence Intervals for fruit and vegetable intake groupings, by BMI group; (b) Men:
Adjusted * Odds Ratios and 95% Confidence Intervals for fruit and vegetable intake groupings, by BMI group. * Adjusted for age, education
level, marital status, location of residence, income level, country of birth, physical activity, smoking, and alcohol intake.
Outcomes

Outcomes

Veg quartile: highest vs. lowest (reference)

Veg quartile: highest vs. lowest (reference)

Normal weight (BMI 18.5-24.9)

Normal weight (BMI 18.5-24.9)

Underweight (BMI<18.5)

Underweight (BMI<18.5)

Overweight (BMI 25.0-29.9)

Overweight (BMI 25.0-29.9)

Obese (BMI ≥ 30.0)

Obese (BMI ≥ 30.0)
Fruit quartile: highest vs. lowest (reference)

Fruit quartile: highest vs. lowest (reference)

Normal weight (BMI 18.5-24.9)

Normal weight (BMI 18.5-24.9)

Underweight (BMI<18.5)

Underweight (BMI<18.5)

Overweight (BMI 25.0-29.9)

Overweight (BMI 25.0-29.9)

Obese (BMI ≥ 30.0)

Obese (BMI ≥ 30.0)
Fruit and veg quartile: highest vs. lowest (reference)

Fruit and veg quartile: highest vs. lowest (reference)

Normal weight (BMI 18.5-24.9)

Normal weight (BMI 18.5-24.9)

Underweight (BMI<18.5)

Underweight (BMI<18.5)

Overweight (BMI 25.0-29.9)

Overweight (BMI 25.0-29.9)

Obese (BMI ≥ 30.0)

Obese (BMI ≥ 30.0)
2 fruit & 5 veg : Yes vs. No (reference)

2 fruit & 5 veg : Yes vs. No (reference)

Normal weight (BMI 18.5-24.9)

Normal weight (BMI 18.5-24.9)

Underweight (BMI<18.5)

Underweight (BMI<18.5)

Overweight (BMI 25.0-29.9)

Overweight (BMI 25.0-29.9)

Obese (BMI ≥ 30.0)

Obese (BMI ≥ 30.0)
5 per day: Yes vs. No (reference)

5 per day: Yes vs. No (reference)

Normal weight (BMI 18.5-24.9)

Normal weight (BMI 18.5-24.9)

Underweight (BMI<18.5)

Underweight (BMI<18.5)

Overweight (BMI 25.0-29.9)

Overweight (BMI 25.0-29.9)

Obese (BMI ≥ 30.0)

Obese (BMI ≥ 30.0)

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

Odds ratio (95% confidence interval)

(a)

1.4

1.5

0.5

0.6

0.7

0.8

0.9

1

1.1

Odds ratio (95% confidence interval)

(b)

1.2

1.3

1.4

1.5

Nutrients 2014, 6

2313

Table 3. Odds ratio of being in highest fruit and vegetable quartiles according to Body
Mass Index (BMI) category, by sex.
Highest Vegetable

Highest Fruit

Highest F & V

Quartile

Quartile

Quartile

OR (95% CI)

OR (95% CI)

1

1

2F & 5V = Yes

5 Per Day = Yes

OR (95% CI)

OR (95% CI)

OR (95% CI)

1

1

1

BMI categories—Women
Normal weight *
(BMI 18.5–24.9)
Underweight (BMI < 18.5)

0.84 (0.73; 0.97)

0.86 (0.71; 1.04)

0.79 (0.69; 0.91)

0.86 (0.76; 0.97)

0.78 (0.71; 0.86)

Overweight (BMI 25.0–29.9)

1.09 (1.04; 1.14)

0.85 (0.80; 0.90)

1.06 (1.02; 1.11)

1.05 (1.02; 1.09)

1.06 (1.03; 1.09)

Obese (BMI ≥ 30.0)

1.18 (1.12; 1.24)

0.75 (0.69; 0.80)

1.10 (1.05; 1.16)

1.06 (1.02, 1.11)

1.11 (1.07; 1.15)

1

1

1

1

1

Underweight (BMI < 18.5)

0.85 (0.68; 1.07)

0.69 (0.54; 0.87)

0.76 (0.59; 0.97)

0.73 (0.54; 0.99)

0.82 (0.69; 0.97)

Overweight (BMI 25.0–29.9)

0.94 (0.90; 0.98)

0.92 (0.89; 0.96)

0.94 (0.90; 0.98)

0.98 (0.94; 1.03)

0.95 (0.92; 0.98)

Obese (BMI ≥ 30.0)

1.05 (1.00; 1.10)

0.99 (0.94; 1.04)

1.05 (1.00; 1.11)

1.07 (1.01; 1.14)

1.00 (0.96; 1.04)

BMI categories—Men
Normal weight *
(BMI 18.5–24.9)

* Reference category.

The results are different for men. Compared to the referent normal weight group, overweight men
were less likely to be in the highest vegetable (OR 0.94; 95% CI 0.90–0.98), fruit (OR 0.92; 95% CI
0.89–0.96) and combined fruit and vegetable intake quartiles (OR 0.94; 95% CI 0.90–0.98) and less
likely to have five servings of fruit and vegetables per day (OR 0.95; 95% CI 0.92–0.98) (Table 3).
Obese men were more likely to meet the “2 & 5” target (OR 1.07; 95% CI 1.01–1.14) than normal
weight men. Underweight men were less likely than normal weight men to meet either the “2 & 5”
(OR 0.73; 95% CI 0.54–0.99) and “5 per day” targets (OR 0.82; 95% CI 0.69–0.97) and less likely to
be in the highest quartile for fruit intake (OR 0.69; 95% CI 0.54–0.87) and combined fruit and
vegetable intake (OR 0.76; 95% CI 0.59–0.97).
4. Discussion
Fruits and vegetables, due to their high water and fiber content, and relatively low energy content
have an important role in weight management due to their effect on satiety and reduced hunger [19].
Increased fruit, vegetables and dietary fiber intake has been reported to be independently associated
with greater weight loss among overweight middle-aged adults [20]. However, the weight loss effects
associated with dietary components in fruit and vegetables appear to be related to the food matrix,
rather than the bulking properties of fiber content of these foods. [21] This cross-sectional analysis
of 246,995 Australian adults has demonstrated that overweight and obese women were more likely
than their normal weight counterparts to consume high intakes of vegetables, combined fruits and
vegetables, are more likely to meet daily intake recommendations. However, overweight men were
less likely than normal weight men to meet recommendations for fruit and vegetable targets.
Our findings in women are not consistent with data from epidemiological studies that have
generally reported that increasing vegetable intake is associated with decreased weight gain [22],
although different age groups have been studied [20,23,24] and results are not consistent for children
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and adolescents [25]. Our results are also not in line with previous data that analyzed a similarly large
dataset of adults from the United States Behavioral Risk Factor Surveillance Survey [26]. In that study,
an inverse relationship between body mass index and consumption of fruits and vegetables (using a
threshold of 5 servings daily) was found. An explanation for the opposite direction in Australian
middle-aged women could be related to excessive consumption of both nutrient dense foods (such as
vegetables, and other foods from the five core food groups), as well as foods with high energy density
and low nutrient density such as discretionary foods, resulting in energy imbalance and hence weight
gain in this population. Lack of physical activity, combined with a diet that includes a high vegetable
intake may also be a contributing factor. Further research is needed to determine if this is the case.
Unique to this study was the separate evaluation of fruit and vegetable consumption on body mass
index. Opposite directions were seen for fruits, with overweight and obese women being less likely
than their normal weight counterparts to have intakes in the highest quartile. This association was also
found for overweight, but not obese, men. Evidence related to the association between fruit intake and
BMI is inconsistent. The prospective Nurses’ Health Study found increased fruit consumption was
associated with a 28% lower risk of weight gain in women with high fruit intake [22–24]. Similarly,
a Canadian cohort study reported inverse correlations between fruit intake and change in weight, fat
and waist circumference [27]; however, two other cohort studies have not reported a protective
effect [23,24]. The results indicate unique contributions of fruit intake to managing body weight, and
support the need for separation of the effects of fruit and vegetable food groups [17], as shown herein.
The positioning of fruit within a particular cuisine and food pattern will influence overall energy
density. Men and women may include fruit in their diets in different ways but interpretation of our data
is limited by the lack of a comprehensive dietary assessment and information on intake of other food
groups. For both men and women, compared to those with a BMI in the normal weight range of 18.5–24.9,
those that were underweight were less likely to have higher vegetable intakes, higher fruit intakes and
less likely to meet the daily targets for fruit and vegetable intakes which suggests that dietary
intervention is needed to address poor dietary patterns in this group.
Only 5.5% of Australian adults had an adequate daily intake of 2 fruit and 5 vegetables servings in
this study, suggesting the need to consider strategies to increase fruit and vegetable consumption.
It should be noted, this study was undertaken after a social marketing campaign (“Go for 2 & 5”), and
would indicate further efforts to encourage fruit and vegetable intake are required. Such efforts might
include more marketing of dietary messages, but may also consider additional factors such as
availability and price [28–30]. Women were more likely to meet both fruit and vegetable guidelines
than men (6.5% and 4.5% respectively). Older Australians were more likely to meet the guidelines
than younger adults, with 8.8% of persons aged 85 years and over consuming the recommended intake
of fruits and vegetables, compared with 3.4% of persons aged 25–34 years. The 2011–2012 nationally
representative Australia Health Survey found that 48.5% of Australians aged 18 years and over usually
ate two or more servings of fruit per day (meeting the guidelines), while 8.2% usually ate 5 or more
servings of vegetables per day (meeting the guidelines) [31]. Our figures suggest higher intakes of both
fruits and vegetables in the 45 and Up Study cohort, with 16% of men and 30% of women meeting or
exceeding “2 & 5” threshold, consistent with the frequently observed “healthy cohort effect” [30].
However, it should be noted that theoretical and empirical work indicates that the OR estimates here,
based on internal comparisons within the cohort, are likely to be reliable and generalisable [30].
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The 45 & Up Study collected dietary information that can be used to assess fruit and vegetable
intakes against Australian government recommendations of at least two servings of fruit and five
servings of vegetables daily. Using the US and UK recommendations of five servings of combined
fruits and vegetables intake per day as the threshold, our analysis indicates that 50% of New South
Wales adults can be considered to be meeting these recommended daily intakes. Women are more
likely to meet recommendations, with 58% of women (compared to 40% of men) consuming adequate
amounts. This compares to data from the World Health Survey (2002–2003), in which 77.6% of men
and 78.4% of women from mainly low- and middle-income countries consumed less than five servings
of fruits and vegetables [32]. Similar questions were employed across the two studies. In the United
Kingdom National Diet and Nutrition Survey (2002), 86% of British adults consumed less than the
recommended five portions per day [33]. Similarly, in the US, the Behavioral and Risk Factor
Surveillance System conducted between 2000 and 2009, identified that 67.5% consumed less than the
recommended fruit and 73.7% less than the recommended daily vegetable intake in 2009. This was
lower than levels reported in 2000 for fruit intake, and represented no change for vegetable intake over
this time period [34]. In comparison to these two countries with a similar prevalence of obesity,
Australians in NSW are consuming more fruit and vegetables.
Population health surveys rely heavily on self-reported health information from respondents—with
researchers trying to minimize respondent burden through the most parsimonious set of questions to
meet the study objectives. Validity of short questions related to dietary practices, including fruit and
vegetable intake, was demonstrated in the 1995 Australian National Nutrition Survey (ANNS), in
which the questions were able to discriminate between groups with significantly different intakes of
fruits or vegetables as compared to a 24 h recall in a sub-set of respondents, with more variability
between sexes regarding understanding of a serving of vegetable [35]. Underestimation of food intake
can be more prevalent in women, and may be extended to fruit and vegetable intake [36], so the gender
differences found in our study may actually be larger than reported. Alternatively, our analyses cannot
control for the effect of social approval bias that can affect the validity of both food frequency
questionnaires and 24 h recall [37]. In addition to potential under and over-reporting, our results do not
provide information about individual types and combination of fruits and vegetables consumed. This is
a limitation in translation of these findings to the development of strategies to increase consumption of
these food groups.
Regarding self-reported weights and height, men typically over-estimate height and women
under-estimate weight in self-reported health measures [38–40]. The levels of overweight and obesity
calculated in a recent study in Australia resulted in underestimates by up to five percent, as
compared to measured values [41]. However, a validation study conducted on 45 and Up Study
indicates excellent agreement between BMI categories based on self-reported and measured data
(κ = 0.80) [42]. Other limitations include the cross-sectional design, which identifies only an
association between sex, fruit and vegetable intake and body mass index. Furthermore, this study could
not control for overall energy intake, which is an essential explanatory variable when looking at
change in body weight. Further longitudinal data is required to better explain the risk of inadequate
consumption, sex and overweight and obesity [43].
The large study sample should provide a robust approximation of how well cohort members, who
constitute a substantial minority of the general population, are meeting these recommended daily

Nutrients 2014, 6

2316

nutritional intakes. The cross sectional nature of the study limits further interpretation related to the
direction of the association. However, in future follow-ups of this cohort, direction of association
between change in intake and body mass index can be further investigated.
5. Conclusions
These results suggest there is lack of a clear association between fruit and vegetable intake and
weight status for both women and men—although the relationship appears stronger in women than
men. Overweight and obese women, and obese men, were more likely than their normal weight
counterparts to consume higher intakes of vegetables, as well as meet the recommended targets for
combined fruit and vegetables, suggesting overconsumption of these foods as well as less nutrient-dense
options result in energy imbalance. Overweight men, however, were less likely to consume high
servings of both fruit and vegetables, and to meet dietary targets for fruit and vegetables compared to
normal weight men, which suggests that public health approaches to increase fruit and vegetable intake
may be beneficial in this group. Increased fruit consumption may be protective against weight gain in
women, however the cross-sectional nature of the analysis limits further interpretation regarding
positioning of fruit within overall dietary patterns of middle aged Australian women. Underweight
men and women are at particular risk for low intakes of both fruit and vegetables. Analyses of
additional health behaviors including physical activity, tobacco abuse and alcohol consumption (also
available in the 45 and Up Study) may also illuminate important differences in health outcomes by sex
and body weight. As obesity reflects energy imbalance, the rates of increase in weight among
Australians needs to be addressed as this population continues to grow and age.
Acknowledgments
This research was completed using data collected through the 45 and Up Study. The 45 and Up
Study is managed by the Sax Institute in collaboration with major partner Cancer Council NSW; and
partners: the National Heart Foundation of Australia (NSW Division); NSW Ministry of Health;
beyondblue; Ageing, Disability and Home Care, Department of Family and Community Services; the
Australian Red Cross Blood Service; and UnitingCare Ageing. We thank the many thousands of
people participating in the 45 and Up Study. We thank Peta Forder and Richard Gibson for assistance
with statistical analyses, Professors Vicki Flood and Sandra Capra for technical guidance, and Jo
Russell and Cassie Curryer for editorial assistance. All researchers in the Faculty of Health at the
University of Newcastle are members of the Hunter Medical Research Institute (HMRI).
Author Contributions
Karen Charlton was overall responsible for writing the manuscript and interpretation of data
analysis, Paul Kowal conceptualized the sub-study, extracted variables from the cohort database,
performed initial data analysis and together with Melinda Soriano wrote the first draft of the
manuscript. Melinda Soriano and Sharon Williams provided statistical support and contributed to
editing of the manuscript. Emily Banks, as chief investigator of the 45 and Up study was responsible
for conceptualization of the cohort study design, oversaw data collection and contributed to editing of

Nutrients 2014, 6

2317

the manuscript. Kha Vo performed statistical data analysis and contributed to editing of the
manuscript. Julie Byles co-ordinated data analyses, drew the figures and provided editorial input.
Conflicts of Interest
The authors declare no conflict of interest.
References
1.
2.
3.

4.
5.

6.
7.
8.

9.

10.
11.

12.

13.

WHO. Obesity and Overweight; World Health Organization: Geneva, Switzerland, 2006.
World Health Organization. Diet, Nutrition and the Prevention of Chronic Diseases: Report of a
Joint Who/Fao Expert Consultation; World Health Organization: Geneva, Switzerland, 2003.
World Cancer Research Fund; American Institute for Cancer Research. Food, Nutrition,
Physical Activity, and the Prevention of Cancer: A Global Perspective; AICR: Washington, DC,
USA, 2007.
Pomerleau, J.; Lock, K.; McKee, M.; Altmann, D.R. The challenge of measuring global fruit and
vegetable intake. J. Nutr. 2004, 134, 1175–1180.
Cameron, A.J.; Welborn, T.A.; Zimmet, P.Z.; Dunstan, D.W.; Owen, N.; Salmon, J.; Dalton, M.;
Jolley, D.; Shaw, J.E. Overweight and obesity in australia: The 1999–2000 australian diabetes,
obesity and lifestyle study (ausdiab). Med. J. Aust. 2003, 178, 427–432.
Colagiuri, S.; Lee, C.M.Y.; Colagiuri, R.; Magliano, D.; Shaw, J.E.; Zimmet, P.Z.; Caterson, I.D.
The cost of overweight and obesity in australia. Med. J. Aust. 2010, 192, 260–264.
Obesity Update. Available online: http://www.oecd.org/els/health-systems/Obesity-Update2014.pdf (accessed on 10 June 2014).
WHO. Obesity: Preventing and Managing the Global Epidemic, Report of a WHO Consultation
(WHO Technical Report Series 894); World Health Organization: Geneva, Switzerland, 2000;
p. 252.
Lim, S.S.; Vos, T.; Flaxman, A.D.; Danaei, G.; Shibuya, K.; Adair-Rohani, H.; AlMazroa, M.A.;
Amann, M.; Anderson, H.R.; Andrews, K.G.; et al. A comparative risk assessment of burden of
disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990–2010:
A systematic analysis for the global burden of disease study 2010. Lancet 2012, 380, 2224–2260.
Kellet, E.; Smith, A.; Schmerlaib, Y. The Australian Guide to Healthy Eating; Australian
Government Department of Health and Ageing: Canberra, Australia, 1998.
U.S. Department of Health and Human Services; U.S. Department of Agriculture. Dietary
Guidelines for Americans, 2005, 6th ed.; U.S. Government Printing Office: Washington, DC,
USA, 2005.
Pollard, C.M.; Miller, M.R.; Daly, A.M.; Crouchley, K.E.; O’Donoghue, K.J.; Lang, A.J.;
Binns, C.W. Increasing fruit and vegetable consumption: Success of the western australian go for
2 & 5® campaign. Public Health Nutr. 2008, 11, 314–320.
Beer-Borst, S.; Hercberg, S.; Morabia, A.; Bernstein, M.S.; Galan, P.; Galasso, R.; Giampaoli, S.;
McCrum, E.; Panico, S.; Preziosi, P.; et al. Dietary patterns in six european populations: Results
from euralim, a collaborative European data harmonization and information campaign. Eur. J.
Clin. Nutr. 2000, 54, 253–262.

Nutrients 2014, 6

2318

14. Milligan, R.A.K.; Burke, V.; Beilin, L.J.; Dunbar, D.L.; Spencer, M.J.; Balde, E.; Gracey, M.P.
Influence of gender and socio-economic status on dietary patterns and nutrient intakes in 18-year-old
australians. Aust. N. Z. J. Public Health 1998, 22, 485–493.
15. Prättälä, R.; Paalanen, L.; Grinberga, D.; Helasoja, V.; Kasmel, A.; Petkeviciene, J. Gender
differences in the consumption of meat, fruit and vegetables are similar in finland and the baltic
countries. Eur. J. Public Health 2007, 17, 520–525.
16. Riediger, N.D.; Moghadasian, M.H. Patterns of fruit and vegetable consumption and the influence
of sex, age and socio-demographic factors among canadian elderly. J. Am. Coll. Nutr. 2008, 27,
306–313.
17. Schroder, K.E.E. Effects of fruit consumption on body mass index and weight loss in a sample of
overweight and obese dieters enrolled in a weight-loss intervention trial. Nutrition 2010, 26,
727–734.
18. Banks, E.; Redman, S.; Jorm, L.; Armstrong, B.; Bauman, A.; Beard, J.; Beral, V.; Byles, J.;
Corbett, S.; Cumming, R.; et al. Cohort profile: The 45 and up study. Int. J. Epidemiol. 2008, 37,
941–947.
19. Rolls, B.J.; Ello-Martin, J.A.; Tohill, B.C. What can intervention studies tell us about the
relationship between fruit and vegetable consumption and weight management? Nutr. Rev. 2004,
62, 1–17.
20. Sartorelli, D.S.; Franco, L.J.; Cardoso, M.A. High intake of fruits and vegetables predicts weight
loss in brazilian overweight adults. Nutr. Res. 2008, 28, 233–238.
21. Oliveira, M.; Sichieri, R.; Moura, A. Weight loss associated with a daily intake of three apples or
three pears among overweight women. Nutrition 2003, 19, 253–256.
22. He, K.; Hu, F.B.; Colditz, G.A.; Manson, J.E.; Willett, W.C.; Liu, S. Changes in intake of fruits
and vegetables in relation to risk of obesity and weight gain among middle-aged women. Int. J.
Obes. 2004, 28, 1569–1574.
23. Vioque, J.; Weinbrenner, T.; Castello, A.; Asensio, L.; de la Hera, M.G. Intake of fruits and
vegetables in relation to 10-year weight gain among spanish adults. Obesity 2008, 16, 664–670.
24. Te Velde, S.J.; Twisk, J.W.R.; Brug, J. Tracking of fruit and vegetable consumption from
adolescence into adulthood and its longitudinal association with overweight. Br. J. Nutr. 2007, 98,
431–438.
25. Field, A.E.; Gillman, M.W.; Rosner, B.; Rockett, H.R.; Colditz, G.A. Association between fruit
and vegetable intake and change in body mass index among a large sample of children and
adolescents in the united states. Int. J. Obes. 2003, 27, 821–826.
26. Heo, M.; Kim, R.S.; Wylie-Rosett, J.; Allison, D.B.; Heymsfield, S.B.; Faith, M.S. Inverse
association between fruit and vegetable intake and bmi even after controlling for demographic,
socioeconomic and lifestyle factors. Obes. Facts 2011, 4, 449–455.
27. Drapeau, V.; Despres, J.P.; Bouchard, C.; Allard, L.; Fournier, G.; Leblanc, C.; Tremblay, A.
Modifications in food-group consumption are related to long-term body-weight changes. Am. J.
Clin. Nutr. 2004, 80, 29–37.
28. Giskes, K.; Turrell, G.; Patterson, C.; Newman, B. Socioeconomic differences among australian
adults in consumption of fruit and vegetables and intakes of vitamins A, C and folate. J. Hum.
Nutr. Diet. 2002, 15, 375–385.

Nutrients 2014, 6

2319

29. Kamphuis, C.B.M.; Giskes, K.; de Bruijn, G.-J.; Wendel-Vos, W.; Brug, J.; van Lenthe, F.J.
Environmental determinants of fruit and vegetable consumption among adults: A systematic
review. Br. J. Nutr. 2006, 96, 620–635.
30. Williams, L.; Ball, K.; Crawford, D. Why do some socioeconomically disadvantaged women eat
better than others? An investigation of the personal, social and environmental correlates of fruit
and vegetable consumption. Appetite 2010, 55, 441–446.
31. Australian Bureau of Statistics. 4364.0.55.003 Australian Health Survey: Updated Results
2011–2012; ABS: Canberra, Australia, 2013.
32. Hall, J.N.; Moore, S.; Harper, S.B.; Lynch, J.W. Global variability in fruit and vegetable
consumption. Am. J. Prev. Med. 2009, 36, 402–409.
33. Henderson, L.; Gregory, J.; Swan, G. The National Diet & Nutrition Survey: Adults Aged 19 to
64 Years. Types and Quantities of Foods Consumed; The Stationery Office: Norwich, UK, 2002.
34. Grimm, K.A.; Blanck, H.M.; Scanlon, K.S.; Moore, L.V.; Grummer-Strawn, L.M. State-specific
trends in fruit and vegetable consumption among adults—United states, 2000–2009. MMWR
2010, 59, 1125–1130.
35. Marks, G.C.; Webb, K.; Rutishauser, I.H.E.; Riley, M. Monitoring Food Habits in the Australian
Population Using Short Questions; Commonwealth of Australia: Canberra, Australia, 2001.
36. Price, G.M.; Paul, A.A.; Cole, T.J.; Wadsworth, M.E.J. Characteristics of the low-energy
reporters in a longitudinal national dietary survey. Br. J. Nutr. 1997, 77, 833–851.
37. Miller, T.M.; Abdel-Maksoud, M.F.; Crane, L.A.; Marcus, A.C.; Byers, T.E. Effects of social
approval bias on self-reported fruit and vegetable consumption: A randomized controlled trial.
Nutr. J. 2008, 7, 18.
38. Bogaert, A.; McCreary, D. Masculinity and the distortion of self-reported height in men.
Sex. Roles 2011, 65, 548–556.
39. Burton, N.W.; Brown, W.; Dobson, A. Accuracy of body mass index estimated from self-reported
height and weight in mid-aged australian women. Aust. N. Z. J. Public Health 2010, 34, 620–623.
40. Gorber, S.C.; Tremblay, M.; Moher, D.; Gorber, B. A comparison of direct vs. Self-report
measures for assessing height, weight and body mass index: A systematic review. Obes. Rev.
2007, 8, 307–326.
41. Dhaliwal, S.S.; Howat, P.; Bejoy, T.; Welborn, T.A. Self-reported weight and height for
evaluating obesity control programs. Am. J. Health Behav. 2010, 34, 489–499.
42. Ng, S.P.; Korda, R.; Clements, M.; Latz, I.; Bauman, A.; Bambrick, H.; Liu, B.; Rogers, K.;
Herbert, N.; Banks, E. Validity of self-reported height and weight and derived body mass index in
middle-aged and elderly individuals in australia. Aust. N. Z. J. Public Health 2011, 35, 557–563.
43. Togo, P.; Osler, M.; Sorensen, T.I.; Heitmann, B.L. Food intake patterns and body mass index in
observational studies. Int. J. Obes. Relat. Metab. Disord. 2001, 25, 1741–1751.
© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

